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BOND WIRE 


TUNING OF RF POWER TRANSISTORS AND AMPLIFIERS 


BACKGROUND OF THE INVENTION 

Field of the Invention 

3 The present mvent.on pertams generally to the field of manufacturmg and tuning 

radio frequency (RF) power transistors and amplifiers. 

% Background 

£ The use of RF power transistor devices as signal amplifiers, e.g., in wireless 

I conrntuntcation appHoattons. is well known. Wttlt the considerable recent growth ,n the 

* demand for w.re.ess servtces. such as personal conrmnntcatton serv.oes, the operating 

3 ,e,uency of w„.less networks has tncreased dramattcally and rs now well into the gtgahertz 

S fvequencies. For such high fte,uency antpUficr app.icattons, laterally dtlBtsed nretal oxide 

=' semiconductor (LDMOS) tranststors are usually pre,..ed, hut Bi-Polar and other transistor 

1 5 types may also be used. 

in a typtcal deployment, a RF power tranststor comprises a plurality of electrodes 
formed on a semiconductor (silicon) dte. with each electrode comprising a pluraltty of 
interdigitated transistors. With a LDMOS device, the mdividual transistors of each electrode 
are connected to respective input (gate) and output (drain) te^inals located on the top 
20 surface of the die, w.th the understde of the die compris.ng a common element (source) 
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..ached .0 ..e subs.a,e surface. To complete .he an.p„f,ca..on c.rcu,,, .especvc 

,„p„. and oa.pu. RF s.gna. leads are e.eCncaUy coupled hy a plu.aU.y of bond w.es .0 .he 
.spec.,ve,npu. and ou.pu...a„s™iss.o„e.n,e„.s, Which ,n.un..ee,ec.oea„ycoup,ed.o 

.he respecve inpu. and ou.pu. eleCrode .e^inals on .he transistor die. 

P.oduc,ion of RF power .rans.s.or a.phf.ers on a large scaie bas.s is .rad,.,ona„y a 
! p^ohien,, because of nafura, vanahies that .he ,„div,dua, eienrents possess. In par.icu.ar, .he 
i „,„3,s.or dev,ces have na.ura. vanances .n ,„pu. capacirance, gain and s.gna, phase sh.«. 

G Thus ,n conrnrercia, i™p.enren.a.,o„s, s,gnifican. .inre and ef&r. ,s needed .0 firs. 

„,.eapar.icu,ar.ransis.ordev,ceo.er.herangeofexpec.edopera.,ns™,.ages,and 

3 .ena..en,p..ohu.,dn,anydev.ces,us.h.ei.wh.chde.iverades,redou.pu.gainandphase. 

a However,due.o.he.ra„sis.ors.andvariouso.hereicn,en.s,ga,nandphase.ar,a..onsover 

- iaen.ica,opera..ngvo,.ases,.heahih.y.osuccess^..y.une.ans,s.ordevicesishnn.ed. 

Cons,s.en.performanceofh.ghfte,„encyRFpower,rans.s.ors.s,.h„s,proh,en.a.,c 

aue .0 .heir naiura, vana.ions. These vanances n,us. be con,pensa.ed for ,n .he 
.„,phf,ca.ionc,rcui.s.oach,evere,iah,eandccnsis.e„.perfo™ance.Forexanrp,e,DC 

b,as,ngand.en.pera.ureco.pensa..oncircu,.sare.radi.,onaUyenrpioyeda..he,npu.of.he 
device .0 co™pensa.e for rnheren. differences he.ween individual power .ra,.s.s.or dev.ces 
20 and for changes in temperature during operation. 
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,He ,npu. ana OU.PUU— e,ec.o.e .e™in.s on .he die .0 .he inpu. ana o.puUeaas . 

„„.pu, e,ec.oae tennina. on ,he a. ,s aone a. .e.aavel, ,cw i^pedanee ,eve,s - e.,, one 
.entMfanohn,.o..eeohn,sa..he,npuUe™na>a„af,ve.oe„Mohn,sa.*eou,u. 

.™.a,. AS w,n app.e.a.ea .hose s.U.ea .„ .he a., .he aC.a. i.peaanee a. .he 

Mso taown in .he ar, are vanous fomrs of non-recoverable .uning .echni,ues. e.g., 
W.nn,nnn,ofcapao..ors,nanra.chingorhioc.i„ge,ren...However,non_ah.e 

_,eanhennaesirah,ehecansei.,sper.™,eahe.rei.is.nown«he.herapan.oa,ara,e 

. „ear„ eo.p.e.e. ,n adaUion, User .r...ing ,s — , which nra.es rewor. of 
the particular aevice or circui. aifficul. or impossible. 
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SUMMARY OF THE INVENTION 
,„ accordance with a first aspect of the invent.on, preferred methods of 

>„„„ee.bod,me„t.a.ethodfor.anufactur,ngapowertrans,storcircu,t,nc.ndes 
,ecnr,nsa.etoasu.strate,thed.ecompr,s,n,a.ra„sis.orhav.„ga„,npttt.emr,naUndan 
„.p.,temt,naI.Oneorn,oreperfo™ancecharactens.icsofthetransistorarenrcasured. 
U.„,oneorntore.iresets,thetranststorinputter™t„aHse,ectnca„contrec.ed.oo„eor 

. 3e.ected hased a. .east ,n par. on the n,east,red tranststor perfo^ance eharactenst,c(s,. 
Si'nrdar,, ustn, one or nrore add.t.onal wire sets, the trans.s.or ontpat term.na. ,s 

„hereintheinrpedanceof.headd,tto„a,wirese.s,sse,ecteahasedat,east,npartonthe 

measured transistor performance characteristie(s). 

Measurement ofthe.rans,s.orperformanceeharacter,s.ic(s)ma,beperformedhy 

,,,„,,,,„,h„.thetra„s,stor(s,toa.nown.est„et«or.pr,ortoattachmem 
.p„..ou.pu..ransm,ss,onpa.hconnect,onw,res,Theperformancecharaeter,s.ic(s)ma. 

.a. of non..,m,..n. e.ampies, .nherem ,npu. or output capactance, impedance, 
,am natness and si.na, phase shi. — , the performance charaetenst,c,s) may he 
„eas„redh.assemh,in.thepowertrans,storc,rcu..orampHr,erdev,ce,except,nsoneor 

„ore wires in the inputand/or output transmtssion paths, measuringperfo^anceofthe 
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transmission path wires used to complete the device or circuit. 

, . further contemplated hy *e ,nvent,on to provide power transistor dev.ces and 

circuits manufactured by the methods taught herein. 

f„oneembod,ment,apower.ranststorc,rcu,tinc,udesad,esecuredto.hesuhs.rate, 

t.ed,ecompr,si„,a.rans,s.orhavin.anmput.ermmalandanou,puUerminal.Anmput 

,.aoneormorempufma.chm,e,eme„ts, output lead, and oneormoreoutputmatchm, 

_stor,nput.erminaUotheoneormoreofthe.nputmatch.„,elementsand,nputs..nal 
,eadS,m„ar,y,cneormoreadd,tio„alwtresetselectr,ca.ly couple t.e.ra„s,s.orcutput 

„f at least one of the respecttve w,re sets, as determmed hy selecttn. a des.red numher 
an*orle„,thofthewtresmtheset,,sselectedhasedatleastmparto„aperforma„ce 

„is.,cofthetra„ststormeasuredafter.hed,ewassecuredtothesuhs.rate. 

Other aspectsandfeatnresoftheinventionwtnwmeapparentf.omconsiderat,on 
„f.,.fonowm.detaileddescr,pt,ontaKen in conjunction wtth.heaccompanyin.draw,n,s. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

. . illustrated by way of example, and not by way of 
Preferred embodiments are illustrated oy way 

refer to like eomponenls, and in which: 

HG. , ,s a top view of a part.a.ly assembled power transistor anrplif.er dev.ce; 
FIG 2 is a eross sectional view of FIG. 1 taken along l.ne 2-2; 

_,._iss.on.ondwtresareattachedtoelec.r,ca.,.conp,eelernentsof 

input and output transmission paths; 

PIG. 4 ,s a cross sectional view of the FIG. 3. taken along line 4-4; 
PIG 5 ,s a stmplified schematic of the amphfier device of FIG. 3; 

,..evartoustransmtsstonhondw.res.oelec.ncal.coupleeleme„tsof.herespeet,veinpu. 

• ti. mnstrating a test procedure for measuring one or more 
and output transmission paths, illustrating P 

performance characteristics of the device; 

,0.7isacrosssectionalviewofschematicUlustrationofapowertransistorcir^ 

and . rnrr- 7 

PIG. 8 ,s a stmplified schema., of the power transistor circu.t of FIG. 7. 


SJ-32337 


6 


Patent 
257/265 


DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
FIGS 1 and 2 show a partially assembled RF power trans.stor amphf.er 10. The 

,a Preferahly, .he oondue.rng layer 18 ,s fenced of a material hav.ng a h.gh conduCvay, 
.„eh as gold, ,0 facUHate good elec.noa, and *em,al eonduehon he.ween oo.ponenls 

„nhed,e,ec.nc window ,6, and anoulpu. lead 22 ,s attached to an oppos,ngs,de. The 

assembled. 

, se.,co„dt,ctor (s.hcon) die 24 ,s secured to the conducting layer 1 8, and thereby 
tothe substrate 12. aswell..naprefe.eden,hod,nte„t, the die24eonrpr,sesaplural,.yof 

,OMOS power trans.s.ors arranged inaoonven,iona,fash,on,,nc,ud,ngaplural,tyof,nput 

,,„ent,source)ternnna, 30 is Iom,eaontheunder,y,ngs,deonhed,e24,d,rectly coupled 
to the conductive layerlS. 
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The amplifier ,0 includes f.rst and second ,npu. n,a,ch,ng capacUors 32 and 34, 
,espec.ve,y,for.a.c.„s*eRP.npn.s.nann,pedancebetween*einpnUead20a„d*e 

„,„s.s.or input .finals 26. The a^pHf.er .0 funhe. inCudes an ou.put n,a.ch,n, (or 
.„ock,nr) capactor 36, respec.ive.y, for .a.ch.g the RF output s.gna, intpedance 
hetweenthettanststotoutpu.tenn,na,s28a„d.heoutputIead22. Each of the tnput 
.a.chi„scapac,tots32and34,andoutputh,oc.n,capac,tot36hasantetah.edtop.stde 

.™.U.*c.ncn,.dd.e,a„da— d— ete™,„a^.hete,n^ 

ho.tont.s.de.e™,na,sated.tect.coup,edto.heconductive,a,ettS,na^ownfash,on. 

Xhevaiuesofthe,np„ta„dontput.atch,„^.oc.in,capacitots32,34a„d36,safunc..o„ 

onheit tespecfve dintenstons and the d,e,ectnc ntatenats used. These patantetets ate 
,efetaMyse,ectedh.thedes.,netofthean,pUr.et>0,naccotdancewithwe„ 

..hn,ues ,notdet.ospec,f,canytunei„put and output tntpedancentatchtn. It wtUhe 

,,ec,atedhy.hoses.Ued,ntheattthatdttTenn.powetttans.totatnpUr,etentho.^^^^^ 
^ayhaventoteot less input and;otoutputn,atchtnge,e.ents,otntayhavediffenng 
„inthetespect,ve.nputan.otoutput.tansn,issio„paths.,nso.een,hodin,ents, 

,eten,ayhenon,atch.n,otothet.e.entsinoneothothofthetnpu.a„doutput 

embodiments employing matching elements. 

Kefe™g.onGS.3a„d4,thenexts,epmtheassentblyof.hepowet.rans,s,ot 

amphfte. .0 ,s to electocaliy couple the vanous elements in the ,„pu, ttansnnssion path 
.s,ng tespective sets of one ot mote t.ansm,ss,on ("bond") wites. The input lead 20 ,s 
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coupled .0 .he .o,s,de te^ina, of .he secon. .npu. .a,c..ng capaci.0. 3^ 

.0 .he ..a„s.s.o.inpu..e™„a.2.b,a.hW se.ofhonaw.es 46. The.— 

elecrically coupled .o .he ou.pu. lead 22 by a fifth se. of bond wires 50. 

no 5 is a ccui. sehen,a.ic of .he power .rans.s.or amplifier 10 after .he bond w.res 
are a..ached, .n which .he .ransnr.ss.on .nduc.ance of .he respeCve bond w,re se.s 42, 44, 
« 4S and 50 have .he sanre reference number as ,n FIG. 4, for ease in „lus.ra.ion. 1. w.U be 
.pprec,a.edby.hosesl.il.ed,n.hear..ha..heae.uaHnduc.ancevalueofanyoneof.hebond 

Seconal d.nrens.on and .a.enal propen.es, respeC.vely, of .he .nd,v,dua, wires of .he 
,,3,c..vese..No.ably,a„yoneor.oreof.hebondw.rese.s42,44,4.,4Sor50nrayha.e 

.fewaso„ew.re,w..hnopersel,nr,.on.he„,axinrun,,uan.,.y,and.he.enn..se."asused 

herein and in .he claims shall have this meaning. 

in accordance wi.h a genera, aspec. of .he inven.,on. poor .o aftachnren. of .he 
.espeCive bond wire se.s 42, 44, 46, 48 or 50, one or more performance charac.ens.,C3 of 

p.oper.,esof.hebondw.res,i.ispossib.e.ova^.he,eng.h(s)of.herespec,ivebondw,re 


SJ-32337 


# 


Patent 
257/265 


sets between .espec,iveco.pone„tsofthe.a„sn,lssion pa* .nordenc Change the,r 
assocated ,rans™ssion ,nduetance (as lUustrated in PIG. 5). This, in ,un,. prov.des a 
„echan,sn, fc.un.n,*e a.pi.f.e. .0 .0 aoh,eve op.i.u. pe— , w,.ho„. re^.nng 

subsequent non-recoverable tuning techniques. 

Refemng to FIG. 6. the perfomrance charactenstics of the amphfter 10 tnay be 

measured byco^recttngthevanous components, e.s.,.he,nputlead20,input.atch.ng 

eapactors 32 and 34, transistor ,npu. and output te^tnals 26 and 28, output nrateh.ng 
eapactor 36 and output lead 22, respect.vcly, to a test ne.wor. 35. The test networ. 35 

.,tb the respective a.plifler elenrents (.ndicated b, the double-beaded arrow ,n HG. 6). In 
pan,cu,ar,.hetestnetwor.35eo™prisesc,rcu.t.(no.show„)that™ode,s.heconrrect.ons 

,„ be made by the respective bond wire sets 42, 44, 46, 48 and 50. 

By way of example, in one embodiment, the test networ. 35 compnses several 
„of.orown.nductanee connected acrosseachad3acen.setofconr,ec.,ngprns3S, 

,usform.nsamode,ofthee,reut.ofFlG.5.Thectreu,.canbe activated and oneormore 

performance charac.ertst.cs, such as tnput and output tnherent capacttance, impedance, gatn 
„atness,s,snalphaseshi.andanyo.hercharac.ensticstha.canbeaffec.edbychanging.he 

electncal performance of each amplifier, even ,f all other component values are equal. For 
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,Ws reason, it is referred ,o herein as testing performance of the tr»sis.or(s), even though 
performance of the entire circuit may be measured. 

The measured performance charactensttcs of a given power trans.stor ampi.fier 10 

performance. By us.ng ..own reiat.onships between n^easured eiectnca, performance 

characterist.cs and the ,nduct=«ce values of the transm.ss.on path of FIG. 5, (e.g., of the 

respectve bond wire sets 42. 44, 46. 48 and 50), an optimum performance of a g.ven 
ampiifier(orsins,etrans,stor,can be ach,evedbysettmg the respective .nductance values to 

achieveadestred output, in otherwcrds,basedonthemea.uredperformanceofaamphf,er 

(or a smgle power transistor) m the test network 35, the lengths of one or more of the 
respectve bond wtre sets (42, 44, 46, 48 and 50) are selected to optim.ze performance of the 
completed ampimer. Once the perform.ce of the amplifier .0 »d test network is 
measured and the desired values (translated ,n.o lengths) for the tndrv.dual bond wrre sets 
42 44 46 48 and 50 have been determined, the test network 35 is de-coupied from the 

P,GS 3-4 to complete the necessary electrical comtections. In alternate embodiments, .t 
„ay be desirableto attach a. least someofthe bond wtrespnortotestingthetranststcr 

performance characteristics. 

For purposes of further illustration of the inventron, FIG 7 shows a power trans.stor 

comprises a plurahty of LDMOS power transistors arranged rn a conventtona, fashton, 

11 
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,„c.„d,ns a pK,.my of .np. (,a.) — 96 and o.p. (a.,„, — 98 on a .op 
3iaeof,heaie84.A — e,en,enUsou.e,.e™,nan3isfo™edon*ennd.,.n,s,ae 

of the transistor die 84, directly coupled to the heat sink 72. 

Thepowertrans,s.orc,reui.70,nc.udesan,npu.block,ngcapac,tor82attached.o 

theheatstnk 72 adjacent an inpnts,deofthetra„sistordie84,andanoutpnth,ock,n, 
.p.itor86attached.otheheatstn.72adjaecntanou.putsideofthetrans,stord,e84.A 
f,..sec,.o„ofprintedeircnit.oard75.sattachedtotheheats,nlc72a,acentthe input 

82 A second section of pnnted circuit board 81 rs attached to the heat 
blocking capacitor 82. Aseconusc^. 

•. Q<; Thp first orinted circuit board section 75 
sink 72 adjacent the output blocking capacitor 86. The first pnn 

respecti.el. fonrring a capacitive ^ signal input lead 74. S.nri.arl. the second printed 

,„tton,eo„duct,ves„rface68,respectively,fonningaeapacitiveRP signal outputlead76. 
Eachofthe input andoutputblockingcapacitors 82 and 86 hasan^etalized top-side 

hottonr.sidetenmnalsaredirec.l.coup,edtotheheatsink72inak„own fashion, once 
.„,ed to therespective input andoutputtra„s,storte™inals96and98,theblocking 

,alues of the capacitors 82 and 86 is a function of the.r respective dimensions and the 
,.,,,.„aterialsused.Theseparanre.ersarepreferabl.selectedb..hedes,gnerofthe 

,«ertrans.storcircuit70in accordance w,.hwel.-knowntechni.uesi„orderto specifically 
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discussed below. 

• t 70 the inout lead 74 is electrically connected to the 
To complete the transistor circuit 70, the input 

■ , Q^hv. first set of bond wires 92, and the output lead 76 is 
transistor gate terminals 96 by a first set 

■ 1. OR hv a second set of bond wires 94. 
electrically connected to the trans.stor output tcmt.nals 98 by a 

_a,on.e,nput.oc.n.capacltorS.w,t.at..se.„..onaw.sSS,anateou..^ 

..n.c,entent,sco.,ete..ye,ec.ncanyce„nectln...e.— outputte™.^^^ 
,,.„,.,,_na,on.ou.put™oapac,.o...tHa.ou..se.o..on.w,.s,0. 

por pu.oses o«u..et ..lustration, an e,uWa.ent electnca, scho^ttc on.e CO 

power transistor circuit 70 is shown in FIG. 8. 

,acco.ance«,.Ho„easpectonheinve„tion,a.esireaoutput — „ 

,,epowert— cncuitiso.ainea.ytu„in.oneor.ot.on.e,nputan.ou.pu.s.unt 
.„,,..„.eelentents.unn.tKe.n.t,aic,tcu..as.™.yproce..,nonec„.o.n,ent,t.r^ 

,.t.ns,c.nputan.outpu.capaci.anceon.ecucu.t™is.easuteaatt.t„putan.ou.pu. 
_na,sVSanaSO.eforethe,„putanaou,put.u„, — arecontp,etca..ontt.e 
_t.in.rent,nputa„.outpu.capac,tance,aaestteava.ue.tcac.on.e,nputana 

„„,^„.,„,,„ee.e.ents.ro—..eae.ea — output .^^^^^^^^ 
ca,cu,atea,..e.,_t.e.a,ue.on.e,nputa„aoutpu..oc.n.capact.o.S.a„aS.ate 
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taown. and the only variable left ,n se,t,„g the respective shun, inductanee values ,s the 
impedance of the bond wire sets 88 and 90, wh,ch is a nteasurable function of the number 

and/or lengths of the wires in each set. 

In other words, based on known relationships ,„ the values of the oireu,, elements, 
,herespect,venunrberand.en,thsofthe wires in eachofthethtrd and fourth bond w,re sets 

88 and 90 are calculated from the measured inherent input and output capacitance of the 

..anststor circuit prior to their attachment. Because the number ^d lengths of the bond 

wires may be determtned prior to their in.tial attachment, prec.se tuning of the power 

transistor eircutt 70 may be aecompUshed as pari of the inttia, assembly process. In some 
enrbod,men.s,.tmaybedes,rab,etoattachsomeofthebondw,resofse.s88and90priorto 

measuring the inherent capacitive characteristics of the transistor circuit, us.ng that 
information to determine the length of the remammg wires in parallel to get the destred 

resonant output frequency. 

While preferred embodiments and applications have been shown and described, as 
can be apprecated by those of ordinary sktU ,n the an. the many features, aspects and 
advantages of tnventton may be embodted in numerous other embodiments and forms 

embodtments, therefore, should be eonstdered as illustrattve, not restrict.ve. Aecord.ngly. 
.he inventton should not be hmtted except by the scope of the appended clatms and the.r 

equivalents. 
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